and copper sprays on the chemical composition of fruits, particularly citrus fruits and apples. With citrus fruits (1, 3, 4, 5, 8, 11, 12) it has been definitely established that the use of arsenical sprays causes certain changes in acid, sugar, and vitamin C, while in the case of apples (2) a possible effect of certain fungicides upon the chemical composition has been indicated. Furthermore, results obtained by other workers (6) who have tried to determine the direct effects of the use of oil seem to indicate that its application affects the physiolog-ical behavior of the plant.
In view of the wide-spread interest and importance attached to these studies, it seemed desirable to report data dealing with possible changes in the waxlike coating of apples caused by certain spray and other treatments. While it is difficult, at the present time, definitely to evaluate the effect of changes in the condition of the cuticle on the general metabolism within the fruit, it appears very probable that skin condition may play an important role through its indirect effect on respiratory activity.
Besides being of interest in connection with the physiological behavior of the plant, the study of the effect of different spray treatments on the apple is of particular significance in connection with the spray-residue removal problem. In the west a large percentage of the harvested apple crop is washed with chemicals to reduce the quantity of arsenic remaining from spray materials to the amount permitted by law, and it is claimed that the successful removal of the residue is often prevented or rendered difficult by the use of oil as a component of the spray mixture used for the control of codling moth. One of the explanations offered (10) to account for this difficulty is based on the assumption that the oil from the spray mixture coats the lead arsenate particles and protects them from the solvent action of the acid employed to remove the arsenic. While it is known that mineral oil penetrates leaves by way of the stomata (6), it is not definitely known whether the oil sprayed on apples remains on the surface admixed with the natural waxlike coating or volatilizes before harvesting time, as claimed by REGAN (9) . In one of the apple cleaning processes used, the fruit is first treated with an alkaline wash at about 110 F., then washed, brush-dried, and atomized with a slightly warmed mixture of mineral oil and paraffin wax. Examination of the cuticle of apples thus treated should indicate the effect of such treatment on the quantities of natural waxlike constituents.
Through the kindness of F. L. OVERLEY and A. SPULER, of the Washington Agricultural Experiment Station, it was possible to examine Jonathan apples from Wenatchee, Washington, some of which were unsprayed and others of which were subjected to different spray treatments. All of the trees from which these samples were collected were located rather close to one another in the same orchard. Fruit was sampled within a few hours after harvesting. Two samples of Jonathan apples grown in Yakima, Washington, were also examined, one before, and the other after, receiving a treatment consisting of an alkaline wash followed by atomizing treatment with mineral oil and paraffin wax.
The results of this study are presented in table I. The methods used in sampling and in determining the apple surface constituents, namely, ursolic acid, oily fraction, and total ether extract, are the same as those previously reported in detail (7) . The method of determining cutin will be reported in a later paper. Briefly, it consisted of hot acid and alkali extraction of the cuticle, after extraction with ether and alcohol, and saponification of the remaining cutin with alcoholic potash, the loss in weight after saponification being considered the amount of cutin.
It will be seen from an examination of the data that individual as well as averaged values for ursolic acid, oily fraction, and total ether extract representing the non-oil-sprayed and the glycerin and oil-sprayed fruit are higher than corresponding values representing the check or unsprayed fruit. With but few exceptions the individual values are higher for the oil-sprayed than for the non-oil-sprayed samples. In those cases where cutin was determined the oil-sprayed samples show higher values than the non-oil-sprayed samples and the unsprayed fruit. With fruit treated with an alkaline wash and then atomized with a mixture of mineral oil and paraffin wax, the oily fraction appears to be increased by the applications.
The data indicate that the ursolic acid and oily fraction increase in approximately the same proportions; therefore it is not believed that any appreciable increase in the naturally occurring oily fraction can be ascribed to a direct accumulation on the surface of the apple of mineral oil from the spray mixture, provided the mineral oil is of relatively low viscosity and the oil spray is not applied too late in the season. It seems, therefore, that the difficulty experienced in removing spray residues by cleaning processes cannot be attributed directly to an accumulation of mineral oil from the applied spray, but rather to an increase of all the ether-soluble waxlike constituents resulting from a physiological stimulation. It should be borne in mind, however, that the application of mineral oil to the surface of the fruit might exert a semisolvent action on the natural waxy coating, causing the lead particles to be more easily and firmly encompassed. After the disappearance of the spray oil, whether by volatilization or otherwise, the natural waxy constituents would then remain and form a more compact coating which would protect the arsenate particles against the solvent action of the cleaning fluid. Such action would be much more noticeable on varieties which are characterized by unusually high quantities of natural waxy coating, such as Arkansas Black and Esopus Spitzenburg.-K. S. MARKLEY AND CHARLES E. SANDO, U. S. Department of Agriculture, Washington, D. C.
